The Phadebact Pneumococcus Test is a coagglutination slide test for the serological identification of Streptococcus pneumoniae. Of 200 alpha-hemolytic streptococcal isolates, coagglutination test results agreed with those of optochin susceptibility and bile solubility in 189 cases, 105 of which were identified as S. pneumoniae by all three methods. The Phadebact test was 100% (113 of 113) sensitive and 98% (85 of 87) specific and was more sensitive than counterimmunoelectrophoresis in detecting the presence of pneumococcal antigen in cerebrospinal fluid. In fluids seeded with known amounts of pneumococcal antigen, it consistently detected lower levels than did counterimmunoelectrophoresis. The test provides a rapid and simple method for the definitive identification of S. pneumoniae.
Streptococcus pneumoniae is the most common cause of bacterial pneumonia and the second most frequent cause of bacterial meningitis (20) ; it has been the cause of increasing concern because of recent reports of isolates relatively resistant to penicillin (1, 13, 22) . Until recently, the only definitive method available for identifying S. pneumoniae was the Quellung capsular precipitin reaction, using specific antisera to the capsular polysaccharide (18) . This method is quite specific but requires the availability of antisera of high titers and a certain amount of expertise to produce accurate results. Because of these factors, the Quellung test is not routinely performed in many clinical laboratories. The most popular method for differentiating S. pneumoniae from other alpha-hemolytic streptococci is optochin susceptibility, a presumptive method which requires overnight incubation of the isolated organism (4) . Although this test is widely used, there are many variations of the procedure, involving incubation atmosphere, disk size, and zone of inhibition size. R. Facklam (11) has suggested several steps to standardize the procedure, including an optochin zone size which designates isolates as possible pneumococci. These questionable isolates should then be tested by bile solubility, another presumptive test. The bile solubility test recommended by Facklam involves overnight incubation in broth, neutralization with NaOH, and addition of sodium deoxycholate followed by a 2-h incubation period. Although Facklam reports bile solubility alone to be 86% sensitive, it provides a higher accuracy rate in combination with optochin susceptibility, but is a more involved procedure and lengthens the time for identification up to 72 h.
Within the past several years other rapid immunological techniques have been applied to pneumococcal identification, including counterimmunoelectrophoresis (CIE), enzyme-linked immunosorbent assay, and agglutination methods (7, 12, 15) . In 1973, Kronvall (15) sera. Those which were negative with Omni-sera were biochemically identified (10) . Isolates positive with Omni-sera were tested with Statens Seruminstitut antisera to individual serotypes 1, 3, 4, 6, 7, 14, 18, 19, and 23. These serotypes were chosen because of their frequency of isolation in the United States (6). Serotyping was done by CIE, using the method of Sottile and Rytel (24) . Since serotypes 7 and 14 do not migrate toward the anode without a specially prepared buffer system (2, 14) , these two antigens were tested for by immunodiffusion (6) .
To perform optochin susceptibility, a 6-mm optochin disk (BBL Microbiology Systems, Cockeysville, Md.) was placed on a sheep blood agar plate streaked with several colonies. The plate was incubated for 18 to CSF. Thirty CSFs previously cultured and tested for the presence of S. pneumoniae capsular antigen by CIE were directly tested by the Phadebact Pneumococcus Test. Each CSF was inoculated onto chocolate and blood agar plates and incubated in 5% CO2 at 35°C for up to 4 days before being considered negative for bacterial growth. S. pneumoniae cells cultured from positive spinal fluids were identified by optochin susceptibility and bile solubility. To perform CIE, a Hyland (Hyland Diagnostics, Deerfield, Ill.) electrophoresis power supply and CIE supply package were used. CSF samples were electrophoresed at 30 mA for 60 min against Statens Seruminstitut S. pneumoniae Omni-sera and observed for precipitin lines, using a Hyland Immuno-Illuminator. For the Phadebact Pneumococcus Test, 1 drop of CSF was mixed with 1 drop of pneumococcal reagent and observed for reactivity compared with the negative control.
Pneumococcal capsular polysaccharide. Purified pnemococcal capsular polysaccharide in 1,000-j.wg amounts from serotypes 1, 3, 6A, 7, 8, and 14 (donated by Lederle Laboratories, Pearl River, N.Y.) was dissolved and diluted in phosphate-buffered saline. The following amounts were used to compare the sensitivity of CIE and Phadebact, following the same procedure as for CSF: 100, 10, and 1 ,ug/ml, and 100, 50, 25, 10, 5, and 1 ng/ml.
RESULTS
Of the 200 alpha-hemolytic streptococcal isolates, coagglutination test results agreed with those of optochin susceptibility and bile solubility in 189 cases. Of these, 105 were identified as S. pneumoniae by all three tests, whereas 84 were negative by all three methods. The 11 isolates in which discrepancies occurred were further tested (Table 1) . Of these, eight were identified as S. pneumoniae by the Omni-sera, Table 2 . The Phadebact Test detected 7 of 10 CSFs culture positive for S. pneumoniae, whereas CIE detected 4. None of the CSFs containing nonpneumococcal organisms exhibited cross-reactivity with the coagglutination antisera. The levels of pneumococcal capsular polysaccharide which were detected for several serotypes of S. pneumoniae by CIE or immunodiffusion and Phadebact are listed in Table 3 . Phadebact consistently detected lower levels of pneumococcal polysaccharide than did CIE. With the use of immunodiffusion, serogroups 7 and 14 were detectable at 10,000 ng/ml, whereas Phadebact was positive to levels of 50 ng/ml. (Table 1) , the Phadebact test correctly identified all pneumococcal isolates for a sensitivity rate of 100% (113 of 113), whereas only two of the nonpneumococcal alpha-hemolytic streptococci gave a positive reaction, for a specificity rate of 98% (85 of 87). The bile solubility test was 98% sensitive and 100% specific, and the optochin susceptibility test was 95% sensitive and 99% specific. If Facklam's advice is followed and any isolate with an optochin zone of inhibition between 6 and 14 mm is tested for bile solubility, four of the six isolates would then have been correctly identified as S. pneumoniae. It thus appears that coagglutination, bile solubility, and optochin combined with bile solubility are comparable with regard to identification of S. pneumoniae.
The coagglutination procedure does provide several advantages over the physiological tests. Slide agglutination procedures are generally eagerly accepted in the laboratory because of their simplicity. No specialized equipment or training is needed, so this test can also be performed in any clinical laboratory capable of growing the organisms. Identification is definitive in that serological reactivity is used as opposed to presumptive identification by biochemical testing or antimicrobial susceptibility. The importance of rapid and definitive identification cannot be overstated with regard to systemic infections such as meningitis, septicemia, and pneumonia in that time is of the essence in the identification VOL. 15, 1982 on August 27, 2017 by guest http://jcm.asm.org/ Downloaded from of possible pneumococcal agents to provide laboratory information which is clinically relevant.
The possibility of direct agglutination of antigens in the CSF for the detection of pneumococcal meningitis is even more critical. Although in our study only 10 known pneumococcus-positive CSFs were tested, we found a 70% sensitivity rate compared with 40% for CIE and 100% specificity with 30 CSFs, 5 of which were negative for any growth and 4 of which grew alphahemolytic streptococci other than S. pneumoniae. Although cross-reactivity between certain pneumococcal and H. influenzae antigens has been reported (3, 5) , none of the eight CSFs culture positive for H. influenzae in this study exhibited such reactivity. One possible reason for the low sensitivity (40%) of CIE is the inability to detect the commonly isolated S. pneumoniae serogroups 7 and 14 without specially prepared buffer (2, 14) . Because of this detection problem, purified pneumococcal polysaccharide in various amounts was analyzed by Phadebact, CIE, and immunodiffusion. The Phadebact coagglutination method was consistently able to detect smaller amounts of pneumococcal polysaccharide antigen in the range of 25 to 50 ng/ml, including serogroups 7 and 14.
The availability of a commercial test for the definitive identification of S. pneumoniae enables all laboratories to report final results within 1 day of receipt of specimen, providing more relevant use of the clinical laboratory. Direct coagglutination of pneumococcal antigen in CSF adds one more organism to the list of major pathogens causing bacterial meningitis which can be detected by this means. The addition of a coagglutination test for Neisseria meningitidis to those for S. pneumoniae, group B streptococci, and H. influenzae type b would complete the list, providing a rapid, simple, and more sensitive technique for the direct detection of the four major pathogens.
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